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Abstract
Access to an improved source of drinking water is becoming increasingly difficult in
Tanzania. The Safe Water Project, run through Public Health Lab Ivo de Carneri (PHL-IdC) in
Chake-Chake, Pemba, is a water quality analysis and infrastructure project on Pemba island,
Tanzania that aims to improve water quality and access through three distinct project phasesinitial assessment and planning, reworking of network infrastructure, and the ongoing sampling
for biological and chemical indicators of water quality. This report deals exclusively with the
microbial aspect of the third phase of the project, the ongoing sampling and analysis of primary
and secondary water resources of twelve sites (Kwa Pweza, Kwa Sharifuali, Madungu, Kironjo,
Sizini, Tumbe, Ole, Kojani, Kiungoni, Michenzani, Mtambile, Muambe) in four districts (ChakeChake, Micheweni, Wete, and Mkoani) on Pemba Island. It was found that, although Total
Bacteria Change (TBC) from the previous sampling indicated an improvement in water quality
in most of the primary and secondary water sources, the great majority of sites sampled (eight of
the twelve primary and five of the seven secondary) had Enterococcus, faecal coliform or E.coli
contamination above the World Health Organization’s acceptable values, deeming these sources
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unsafe for human consumption in their current state. These findings indicate the potential for
severe human health impacts if no intervention is made.

Introduction
Countries worldwide are facing increased pressure on fresh water reserves due to a
rapidly increasing global population and the effects of climate change. The developing world is
undoubtedly experiencing the most dramatic effects with 81% of the world’s current population
living in developing nations (Devisscher 2010). The demand on fresh water reserves is,
therefore, highest in these regions (Sanctuary et al. 2004). Aside from a lack of volume in
available fresh water, there is also an issue of water quality. According to the United Nations,
eleven percent of the global population, 783 million people, remains without access to an
improved source of drinking water and over 40% of those people live in sub-Saharan Africa
(“Water Sanitation Health” 2013). This presents a significant risk for an outbreak of an
infectious disease, in particular acute diarrheal illnesses, which account for 2.2 million deaths
annually (“Small and Safe” 2010). Unsafe water, inadequate sanitation and hygiene are linked to
about 88% of diarrhea cases worldwide (“Small and Safe” 2010). An outbreak of an acute
diarrheal illness, such as cholera, would not only be detrimental to the health of a community but
would also result in significant economic losses to the area.
In 2000, the United Nations instituted eight international development goals known as
the Millennium Development Goals, or MDGs, to be reached by the year 2015. Of these eight
goals, MDG7, to ensure environmental sustainability, deals with fresh water sustainability and
quality. MDG7 target 7c states, “By 2015, halve the proportion of people without sustainable
access to safe drinking water and basic sanitation” (“Small and Safe” 2010). Although globally
great progress has been made towards achieving this goal, with the percentage of the world’s
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population using improved drinking water sources increasing from 77% to 87% between 1990
and 2008, Tanzania is falling short (Global Health Observatory Data Repository 2011). While
many countries are seeing improvements in the percentage of their population with access to
improved drinking water sources, Tanzania is actually seeing a decrease. Between 1990 and
2010, the percentage of the population in both urban and rural environments with access to an
improved drinking water source has decreased. In rural environments, this percentage decreased
from 46% to 44% and in urban environments from 94% to 79%, with an overall decrease in the
percentage of the population using improved drinking water sources from 55% to 53% from
1990 to 2010 (Global Health Observatory Data Repository 2013). This alarming statistic presents
a major health risk to the people of Tanzania and demonstrates the great need for an ongoing
water quality analysis project (Ix 2005).
The Safe Water Project is an ongoing water quality analysis and infrastructure project on
Pemba Island, Tanzania that is run by the Public Health Lab Ivo de Carneri (PHL-IdC) in
collaboration with the Zanzibar Water Authority (ZAWA) and organizations such as UNICEF
and the World Health Organization (WHO). The project consists of three distinct phases. The
first phase involved the “systematic verification of the water distribution network with appraisal
of the state of the piping system and of the water pumping stations” (PHL- IdC 2013). This
phase, which included GPS mapping, qualitative water analysis and establishment of laboratory
protocols, indicated a critical water quality situation with 11 of the 15 water sources having
faecal contamination greater than 30% (PHL-IdC 2013). The second phase included the
rehabilitation of the identified problem sources. These sources were remediated with the
installation of three new pumping stations and a new pipeline network when the phase was
completed. Phase three, where the project currently stands, involves the continued sampling of
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water sources on a three month cycle to maintain water quality at World Health Organization
standards, which includes laboratory testing for chemical and microbial indicators of poor water
quality (“Water Quality: Guidelines, Standards and Health” 2013). For this report, only
microbial indicators of water quality are investigated.
There are three groups of microbial indicators of water quality, general (process)
microbial indicators, faecal indicators (such as E.coli), and indicator organisms and model
organisms (Water Quality: Guidelines and Health 2001). Process microbial indicators are defined
as “a group of organisms that demonstrates the efficacy of a process, such as total heterotrophic
bacteria or total coliforms for chlorine disinfection” (Water Quality: Guidelines and Health
2001). Faecal indicators are defined as “a group of organisms that indicates the presence of
faecal contamination, such as the bacterial groups thermotolerant coliforms or E.coli” (Water
Quality: Guidelines and Health 2001). Lastly, index and model organisms are defined as “ a
group/or species indicative of pathogen presence and behavior respectively, such as E.coli as an
index for Salmonella and F-RNA coliphages as models of human enteric viruses” (Water
Quality: Guidelines and Health 2001). This report deals exclusively with total bacteria (process
microbial indicator), Faecal, also known as thermotolerant, coliforms and E.coli (faecal
indicators), and Enterococci (index/model organism) as microbial indicators of water quality.

!

!

&!

Box.1 Definitions of key Faecal indicator micro-organisms (Water Quality: Guidelines and Health 2001)

Coliforms: Gram-negative, non spore-forming, oxidase-negative, rod-shaped facultative anaerobic
bacteria that ferment lactose (with !-galactosidase) to acid and gas within 24– 48h at 36±2°C. Not
specific indicators of faecal pollution.
Thermotolerant coliforms: Coliforms that produce acid and gas from lactose at 44.5± 0.2°C within
24±2h, also known as Faecal coliforms due to their role as Faecal indicators.
Escherichia coli (E. coli): Thermophilic coliforms that produce indole from tryptophan, but also
defined now as coliforms able to produce !-glucuronidase (although taxonomically up to 10% of
environmental E. coli may not). Most appropriate group of coliforms to indicate faecal pollution
from warm-blooded animals.
Faecal streptococci (FS): Gram-positive, catalase-negative cocci from selective media (e.g. azide
dextrose broth or m Enterococcus agar) that grow on bile aesculin agar and at 45°C, belonging to the
genera Enterococcus and Streptococcus possessing the Lancefield group D antigen.
Enterococci: All faecal streptococci that grow at pH 9.6, 10° and 45°C and in 6.5% NaCl. Nearly all
are members of the genus Enterococcus, and also fulfill the following criteria: resistance to 60°C for
30 min and ability to reduce 0.1% methylene blue. The Enterococci are a subset of faecal
streptococci that grow under the conditions outlined above. Alternatively, Enterococci can be
directly identified as micro-organisms capable of aerobic growth at 44±0.5°C and of hydrolysing 4methlumbelliferyl-!-D-glucoside (MUD, detecting !-glucosidase activity by blue florescence at
366nm), in the presence
of thallium acetate, nalidixic acid and 2,3,5-triphenyltetrazolium chloride (TTC, which is
reduced to the red formazan) in the specified medium (ISO/FDIS 7899-1 1998).
!
Total bacteria counts are used to indicate changes, worsening or improving, in water
quality over time. If the log value of the ratio of a current sample to a previous sample is greater
than 1,(Log (Xt2 / Xt1) >1, it is an indication that water quality is worsening. Faecal coliforms
and E.coli, indicate recent faecal contamination, with E.coli specifically indicating recent faecal
contamination from warm-blooded animals. Enterococci presence indicates past or persistent
faecal contamination and possible virus presence. As seen in Box 2, the World Health
Organization has set acceptable concentration values for which these contaminants should not
exceed (Guidelines for Drinking-water Quality 2011).
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Box 2. Microbiological parameters: acceptable value (AV) and remarks (World Health Organization 2004)

Parameter

Accepted Value (AV)

Remarks

Total bacterial change at 37°C
(TBC)

LOG(xt2/xt1) <1

Indicator of mesophilic bacteria:
the increasing of 1 logarithmic
magnitude order between two
following samples (xt1 and xt2)
indicates the worsening of water
quality

Faecal coliforms (FC)

0 CFU/100mL!

Enterococcus spp. (Ent)

0 CFU/250mL!

Indicator of recent faecal
contamination and of possible
pathogens presence
Indicator of past or persistent faecal
contamination and of possible virus
presence

!Colonies forming units per volume of filtration
In analyzing the primary and secondary water sources on Pemba Island for the above
mentioned microbial indicators, the current state of drinking water sources can be better
understood and therefore managed, which will provide countless health and societal benefits for
the people of Pemba Island.

Sample Area
Off the east coast of Tanzania, in the Indian Ocean, lay the semi-autonomous archipelago
of islands known as Zanzibar. The archipelago is comprised of two large and many small islands,
but the population is concentrated on the larger two, Unguja and Pemba. Unguja, the main island
often referred to as Zanzibar, is about 40 Km from the mainland and is relatively flat with its
highest point reaching only 120 meters above sea level. In contrast, Pemba, the “Green Island” in
Arabic, is 80 Km north of Unguja and has a much more diverse topography. In its 984 km2 area,
there are many hills and valleys that define its landscape and provide for more accessible water
resources than Zanzibar. Pemba has a population of 362,000 people many of whom derive their
living from agriculture or agriculture related industry and, therefore, live in rural communities
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where safe drinking water access is limited to town pumps and taps (“National Bureau of
Statistics” 2013).
The Safe Water project is based in Pemba’s capital city of Chake-Chake at the Ivo de Carneri
Public Health Laboratory (IdC-PHL). There are four sample districts on Pemba, with three
sampling sites at each. Two water samples are drawn from each sampling site, one from the
primary water source, the town pump, and another from a secondary source, the tap. The
breakdown of the 12 sampling sites by district is as follows:
1. Chake-Chake District
a. Kwa Pweza
b. Kwa Shari fuali
c. Madungu
2. Micheweni District
a. Kironjo D
b. Sizini
c. Tumbe
3. Wete District
a. Ole
b. Kojani
c. Kiungoni
4. Mkoani District
a. Michenzani
b. Mtambile
c. Muambe
*Please see Appendix page 24 for map
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Methodology
Collection Methods
Upon arrival at each sample site, the two water sources (the pump station and the tap)
were located. Samples from both locations were then collected. To collect samples, water was
turned on and let run for one minute, while simultaneously scraping the opening to remove any
accumulated matter from the inside of the pipe. The area was then sterilized using a flame for
approximately one minute. This step ensured that the bacteria found in the sample were from the
water and not the faucet. After sterilization of the pipe opening, 500 mL samples were collected
to then be brought back to the lab for analysis. Testing for lead, nitrate and chlorine occurred on
site as well as measurements for conductivity, pH and hardness. The surrounding conditions,
such as location of nearest latrine, were also noted for reference. Sampling occurs in three-month
cycles and the data collected in this report represents the sampling that occurred in April 2013.
Laboratory Protocols
SOP Enterococci
Enumeration of Enterococci by membrane filtration
1. Transport the samples to the lab in fit containers at 2-10 C without exposing them to
direct sunlight
2. Store the samples in the fridge at 2-10 C and examine as soon as possible in the same
collecting day; otherwise process the samples within 24 hours
3. Agitate sample well
4. Filter 100 mL (10 mL or 50 mL depending on water quality) onto a nucleopore filter
5. Place filter on SBA Slanetz Barley Agar and incubate at 37 C for 48 hours
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6. After incubation, count characteristic colonies (pink, red, or maroon/ brownish colonies
are suspected Enterococci)
7. Pre-warm BEAA, Bile Esculina Azide Agar, Petri dishes, incubating them at 44 C for 15
min.
8. Transfer the positive membrane from SBA medium to BEAA
9. Incubate the BEAA dishes with the membrane for at least 2 hours at 44C
10. Count and record confirmed Enterococci (a black halo below the membrane are regarded
as Enterococci)
11. Data is recorded as Enterococci (CFU/100mL)
SOP Escherichia coli (E.coli)
Enumeration of the Escherichia coli by membrane filtration
1. Transport the samples to the lab in fit containers at 2-10 C without exposing them to
direct sunlight
2. Store the samples in the fridge at 2-10 C and examine as soon as possible in the same
collecting day; otherwise process the samples within 24 hours
3. Agitate sample well
4. Filter 100 mL (10 mL or 50 mL depending on water quality) onto a nucleopore filter
5. Place filter on EC X-Gluc Agar (chromogenic E.coli Agar)
6. Incubate at 44C for 24 hours
7. After incubation check for colonies present
a. E.coli: green, blue green in color
b. Confirmation via Indole test using Kovac’s reagent
i. One drop of Kovac’s reagent is put on each suspected colony (green/blue)
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ii. If a color change, from blue/green to red, is observed after 1-2 minutes,
the presence of E.coli is confirmed.
8. Record results in CFU/100mL
SOP Total Coliforms and E.coli
For simultaneous detection of coliforms and Escherichia coli by membrane filtration
1. Transport the samples to the lab in fit containers at 2-10 C without exposing them to
direct sunlight
2. Store the samples in the fridge at 2-10 C and examine as soon as possible in the same
collecting day; otherwise process the samples within 24 hours
3. Agitate sample well
4. Filter 100 mL (10 mL or 50 mL depending on water quality) onto a nucleopore filter
5. Place filter on CCA (chromogenic coliform agar)
6. Incubate at 35C for 24 hours
7. After incubation, check for characteristic colonies
a. Total coliforms: Pink colonies
b. E.coli: Dark blue colonies
8. Confirmation via Indole test using Kovac’s reagent
i. One drop of Kovac’s reagent is put on each suspected colony (green/blue)
ii. If a color change, from blue/green to red, is observed after 1-2 minutes,
the presence of E.coli is confirmed.
9. Data is recorded in format of CFU/ 100mL for both total coliforms and E. coli.
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Results
Primary Water Sources

District

Sampling
Site

Total Bacteria
Concentration
(CFU/mL)

Enterococcus
concentration
(CFU/250mL)

Faecal Coliform
Concentration
(CFU/100mL)

Chake

Kwa Pweza

91

20

52 (including 1
confirmed E.coli)

Chake

Madungu

18

0

0

Chake

Kwa Sharifuali

31

4

8

Micheweni

Tumbe

186

20

0

Micheweni

Sizini

127

0

0

Micheweni

Kironjo D

203

50

2

Mkoani

Mtambile

218

25

70

Mkoani

Muambe

177

11

6 (including 4
confirmed E.coli)

Mkoani

Michenzani

163

0

0

Wete

Kiungoni

215

1

0

Wete

Kojani

95

2

0

Wete

Ole

161

0

0

Table 1. Concentration of Enterococcus (CFU/ 250mL), Faecal Coliforms (CFU/100mL) and
Total Bacteria (CFU/mL) in water samples from primary water sources on Pemba Island. April
2013. (n=1 per site).

Site

Total Bacteria
Concentration
(CFU/mL) 4/13

Total Bacteria
Concentration
(CFU/mL) 12/12

Total Bacterial
Change Log(x2/x1)

Madungu

18

2

0.954242509

Kwa Sharifuali

31

263

-0.928594055

Tumbe

186

0

Sizini

127

35

>1
0.560667306
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Kironjo D

203

700

-0.538238501

Mtambile*

218

114

0.281587536

Muambe

177

29

0.784535095

Michenzani

163

104

0.195322257

Kiungoni

215

129

0.222485212

95

125

-0.121043693

161

218

-0.131630618

Kojani
Ole

Table 2. Total Bacterial Change at 37C between December 2012 sampling and April 2013
sampling of primary water sources on Pemba Island.
*No sterilization of valve due to broken equipment
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Fig.1 Concentration of Enterococcus (CFU/ 250mL), Faecal Coliforms (CFU/100mL) and Total
Bacteria (CFU/mL) in water samples from primary water sources on Pemba Island. April 2013.
(n=1 per site).
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Total Bacteria Concentrations
As seen in Table 1 and Figure 1, total bacteria concentrations in primary water sources
were highest in the town of Mtambile in the district of Mkoani, which also had the highest
average total bacteria concentration of all the districts. It was lowest in Kwa Sharifuali in the
Chake-Chake district, which had the lowest average total bacteria concentration of all the
districts. Total Bacterial Change between this sampling and the previous sampling (December
2012) can be seen in Table 2, where only one site, Tumbe, demonstrated a TBC greater than one
order of magnitude difference between samplings.
Enterococcus
The highest concentration of Enterococcus was found in Kironjo D in the Micheweni
district and four sites (Ole, Mkoani, Micheweni, and Madungu) reported no Enterococcus present.
The Micheweni district reported the highest average concentration of Enterococcus of the four
districts and Wete with the lowest.
Faecal Coliforms and E.coli
Five sample sites reported the presence of faecal coliforms in samples, but of those only
two, Kwa Pweza and Muambe, presented with confirmed cases of E.coli. The highest
concentration of faecal coliforms was found in Mtambile, but no confirmed cases of E.coli were
present. Muambe had a faecal coliform concentration of 6 CFU/100mL but of those, 4 were
confirmed cases of E.coli, making it the most E.coli dense sample of the primary water sources.
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Secondary Water Sources

District

Sampling Site

Total Bacteria
Concentration
(CFU/mL)

Enterococcus
concentration
(CFU/250mL)

Faecal Coliform
Concentration
(CFU/100mL)

33.3

7

24 (including 1
confirmed E.coli)

Madungu

109

0

0

Micheweni

Tumbe

627

22

3

Micheweni

Sizini

15

0

0

Mkoani

Muambe

19

9

30 (including 24
confirmed E.coli)

Mkoani

Michenzani

9

9

0

Wete

Kiungoni

58

50

0

Wete

Kojani

80

1

0

Wete

Ole

107

3

0

Chake

Kwa Pweza

Chake

Table 3. Concentration of Enterococcus (CFU/ 250mL), Faecal Coliforms (CFU/100mL) and
Total Bacteria (CFU/mL) in water samples from secondary water sources on Pemba Island. April
2013. (n=1 per site).

Site

Total Bacteria
Concentration (CFU/mL)
4/13

Total Bacteria
Concentration (CFU/mL)
12/12

Total Bacterial
Change
Log(x2/x1)

Madungu

109

4

1.435366507

Tumbe (A)

627

1500

-0.378823718

Sizini

15

31

-0.315270435

Muambe

19

13

0.164810249

Kiungoni

58

150

-0.412663265

Kojani

80

218

-0.435366507

107

223

-0.318921085

Ole

Table 4. Total Bacterial Change at 37C between December 2012 sampling and April 2013
sampling of secondary water sources on Pemba Island.
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Fig.2 Concentration of Enterococcus (CFU/ 250mL), Faecal Coliforms (CFU/100mL) and Total
Bacteria (CFU/mL) in water samples from secondary water sources on Pemba Island. April 2013.
(n=1 per site).
Total Bacteria Concentration
As seen in Table 3 and Figure 2, total bacteria concentration in secondary water sources
was greatest in Tumbe in the Micheweni district, which had the highest average total bacteria
concentration of the districts, and lowest in Michenzani in the Mkoani district, which had the
lowest average total bacteria concentrations of all the districts. Total Bacterial Change (TBC)
between this sampling and the previous sampling (December 2012) can be seen in Table 4, where
only one site, Madungu, demonstrated a TBC greater than one order of magnitude difference
between samplings.
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Enterococcus
The highest concentration of Enterococcus in the secondary water sources was found at
Kiungoni in the Wete district. Two sites, Madungu and Sizini, had no Enterococcus present in
their samples. The Wete district had the highest average concentration of Enterococcus and the
Chake- Chake district had the lowest.
Faecal Coliforms and E.coli
Only three of the samples from secondary water sources reported the presence of faecal
coliforms, but only two of those three, Kwa Pweza and Muambe in the Mkoani district, had
confirmed cases of E.coli.
*For additional data from the previous two samplings of phase three, see Appendix pages 24-28

Discussion
Primary Water Sources
Total Bacteria Change (TBC)
For the primary water sources sampled in April 2013, the Total Bacteria Change (TBC)
from the previous sampling in December 2012 indicates that only one site, Tumbe, is displaying
worsening water quality, with an increase in total bacteria concentration greater than one order of
magnitude (Table 2). Four sites (Kwa Sharifuali, Kironjo D, Kojani, and Ole) have negative TBC
values, indicating an improvement of water quality between the two sampling events. The other
six sites (Madungu, Sizini, Mtambile, Muambe, Michenzani, and Kiungoni), which have positive
TBC values that are less than one, have an increased amount of bacteria present but have not
surpassed the point at which the WHO would consider the water quality to be worsening. It is

!

!

"(!

important to note that there is no data for Kwa Pweza in December 2012 and therefore no
associated TBC value.
Enterococcus
Eight of the twelve primary water source sample sites (Kwa Pweza, Kwa Sharifuali,
Tumbe, Kironjo D, Mtambile, Muambe, Kiungoni, and Kojani) had Enterococcus present at
levels greater than the WHO accepted value of 0 CFU/250mL. This indicates past or persistent
faecal contamination at these sites and water from these sites should therefore be considered
unsafe to consume in its current condition.
Faecal Coliforms and E.coli
Five of the twelve sample sites (Kwa Pweza, Kwa Sharifuali, Kironjo, Mtambile, and
Muambe) had faecal coliforms present at levels greater than the WHO accepted value of 0
CFU/100mL. Of the five sites with faecal coliforms present, two (Kwa Pweza and Muambe) had
confirmed cases of E.coli. This indicates that not only is there current faecal contamination at
these five sites but, in the cases where E.coli is present, there is faecal contamination specific to
warm blooded animals. Any E.coli presence in the water is considered unsafe and while Kwa
Pweza only had one confirmed case, Muambe had four confirmed cases in a 100mL sample,
making this water especially risky to consume. Water from all of the sites with faecal coliforms,
however, would not be safe to consume in their current condition.
Conclusions
Despite the TBC indicating that many primary water source sites are improving in
quality, it is important to note that a decrease in the volume of bacteria does not necessarily mean
there is less harmful bacteria present in the samples. In fact, when comparing Enterococcus and
faecal coliform values from this sampling to the December 2012 sampling, the April 2013
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sampling shows higher average values for both as well as more confirmed cases of E.coli (Table
1, Table 6). Only four (Madungu, Sizini, Michenzani and Ole) of the twelve sites sampled in
April 2013 had both Enterococcus and faecal coliform values below the WHO accepted value,
indicating no faecal contamination and suggesting the water is safe for consumption. This
indicates that the great majority of primary water sources sampled in April 2013, eight of the
twelve sites, are unfit for human consumption in their current state and pose a great health risk to
the community.

Secondary Water Sources
Total Bacteria Change (TBC)
For the secondary water sources sampled in April 2013, the Total Bacteria Change from
the previous sampling in December 2012 indicates that only one site, Madungu, displayed
worsening water quality, with an increase in total bacteria concentration greater than one order of
magnitude (Table 4). Only one site, Muambe, displayed a positive TBC value that was less than
one. This value, although indicating an increase in bacteria from the previous sampling, has not
surpassed the point at which the WHO would consider the water quality to be worsening. The
great majority of the secondary water source sites, (Tumbe, Sizini, Kiungoni, Kojani, and Ole)
have displayed negative TBC values, indicating an improvement of water quality between the
two sampling events.
Enterococcus
Seven of the nine secondary water source sample sites (Kwa Pweza, Tumbe, Muambe,
Michenzani, Kiungoni, Kojani, and Ole) had Enterococcus present at levels greater than the
WHO accepted value of 0 CFU/250mL. This indicates past or persistent faecal contamination at
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these sites and water from these sites is therefore considered unsafe to consume in their current
condition.
Faecal Coliforms and E.coli
Three of the seven sample sites (Kwa Pweza, Tumbe, and Muambe) had faecal coliforms
present at levels greater than the WHO accepted value of 0 CFU/100mL. Of the three sites with
faecal coliforms present, two (Kwa Pweza and Muambe) had confirmed cases of E.coli. This
indicates that these three sample sites have recent faecal contamination and in the cases of E.coli
presence, there is confirmed faecal contamination specifically from warm-blooded animals.
Water from any of the sites with confirmed faecal coliform presence would, therefore, not be
safe to consume in its current state. Any E.coli presence in the water is considered unsafe but it is
important to note that while Kwa Pweza only had one confirmed case, Muambe had an
extremely high concentration of twenty-four confirmed cases in a 100mL sample. This
unexpectedly high value of E.coli raises great concern and presents a significant threat to the
health of the community.
Conclusions
Although TBC for all but two of the secondary water sources indicated an improvement
in water quality since the last sampling, there are still many health risks associated with the
bacteria that remain present. The April 2013 sampling actually indicates a greater health risk
than the December 2012 sampling with higher occurrences of Enterococcus and faecal coliforms,
as well as E.coli (Table 3, Table 8). For secondary water sources sampled in April 2013, only
two (Madungu and Sizini) of the seven sample sites had both Enterococcus and faecal coliform
values below the WHO accepted value, indicating no faecal contamination and suggesting the
water is safe for consumption. The great majority of the secondary water sources sampled, five
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of the seven sites, would therefore be considered unfit for human consumption in their current
state and pose a significant health risk to the community.
Environmental Correlation
Kwa Pweza and Muambe were not only the two sites to have confirmed cases of E.coli
but were also both found to be contaminated with E.coli at both the primary and secondary
source sites. The field notes mention specifically that the Muambe sources, which had four
confirmed cases of E.coli in the primary water source sample and a startling 24 in the secondary
sample, were located within 40 feet of a latrine. This extremely high level of faecal
contamination of both the primary and secondary water sources is, therefore, likely the result of
human faecal contamination near the source. Kwa Pweza, which had one confirmed case of
E.coli in both the primary and secondary samples, was noted to have cattle grazing nearby the
pump and the tap. Factors such as the distance from the nearest latrine and the distance from
livestock clearly play a large part in faecal contamination and this correlation seen at Muambe
and Kwa Pweza stresses the importance of distancing water sources from these potential sources
of contamination as a vital management strategy. Another factor that could affect the amount of
contaminants in the water is seasonality. This sampling occurred in April at the peak of the rainy
season (long rains) on Pemba, which increased the vulnerability of these water sources to
contamination from flooding and run off. This seasonal change could explain the unexpected
differences found between this sampling event and the previous, December 2012, sampling.

Conclusion
The data has shown that the great majority of both primary (eight of twelve sites) and
secondary (five of seven sites) water sources sampled are unfit for human consumption because
of the contamination by Enterococcus or faecal coliforms and E.coli at levels that exceed the
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World Health Organization accepted values. This is indicative of a critical water quality situation
on Pemba Island and further investigation is warranted. This study was limited to just the
microbial analysis of the water but further investigation, including water chemistry analysis,
would provide more insight into the water quality and would allow for more appropriate
management practices. Removing or treating just the microbial components of the water may not
be enough if the water chemistry data indicates problems such as high levels of heavy metals or
nutrients.

Recommendations
The Safe Water team does a great job with the project. My only suggestion to improve
the integrity of the results would be more stringent use of sterile procedure while collecting
samples and processing them in the lab. Although great care is taken at certain steps, sometimes
the results are compromised by inconsistent sterile procedure such as not wearing gloves. It
would also be great to expand the sample area to more districts and towns on Pemba to observe a
more comprehensive study area.
For prospective students who would like to be part of the Safe Water project, I suggest
contacting the lab early to see if sampling times are consistent with the ISP period, since they
sample on a three month rotation. It is also important to contact the lab early if you would like to
work with previously collected data, since that requires authorization that can take a while to
acquire and consequently is not in this report. If authorization is acquired early enough, the study
would benefit from analysis of the water chemistry data from ZAWA and from the data collected
during phase one and two of the project. The sampling and lab procedure was completed in about
two and a half weeks, but be prepared for long days in the field and lab. Also, the ferry from
Unguja to Pemba only runs twice a week so be sure to check the schedule so that you can be in
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Chake-Chake for the start of the sampling, which typically starts on the first of the month. This
may mean you will have to leave for Pemba a few days before the ISP period officially begins.
Also, if you are taking the ferry pay the extra 3,000 TSH for first class tickets. Not only will you
be shielded from hours of rain, but it also has air conditioning and couches that you can sleep on.
The ferry takes about six hours and I promise you will not regret spending the extra money (it’s
really not that much and you will be MUCH more comfortable).
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Appendix
Sampling Districts

Source:!http://www.nodc-tanzania.org/images/pemba_island.gif

Primary Water Source Data From August 2012 and December 2012

District

Sampling
Site

Chake

Madungu

Chake

Bacteria
Concentration
(CFU/mL)

Enterococcus
concentration
(CFU/250mL)

Faecal Coliform
Concentration
(CFU/100mL)

16

0

0

Kwa Sharifuali

3

0

0

Micheweni

Tumbe

9

1

0

Micheweni

Sizini

27

0

0

!

!
Mkoani

Mtambile

Mkoani

#&!
13

0

0

Muambe

0

0

0

Mkoani

Michenzani

0

0

0

Wete

Kiungoni

0

0

0

Wete

Kojani

0

0

0

Wete

Ole

1

1

0

Table 5. Concentration of Enterococcus (CFU/ 250mL), Faecal Coliforms (CFU/100mL) and
Total Bacteria (CFU/mL) in water samples from primary water sources on Pemba Island. August
2012. (n=1 per site).
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Fig.3 Concentration of Enterococcus (CFU/ 250mL), Faecal Coliforms (CFU/100mL) and Total
Bacteria (CFU/mL) in water samples from primary water sources on Pemba Island. August 2012.
(n=1 per site).

District

Sampling
Site

Chake

Madungu

Chake

Kwa Sharifuali

Micheweni

Tumbe

Micheweni

Sizini

Bacteria
Concentration
(CFU/mL)

Enterococcus
concentration
(CFU/250mL)

Faecal Coliform
Concentration
(CFU/100mL)

2

27

0

263

14

0

0

0

0

35

0

0
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Micheweni

Kironjo D

700

13

0

Mkoani

Mtambile

114

20

0

Mkoani

Muambe

29

0

0

Mkoani

Michenzani

104

20

0

Wete

Kiungoni

129

16

0

Wete

Kojani

125

7

0

Wete

Ole

218

12

0

Table 6. Concentration of Enterococcus (CFU/ 250mL), Faecal Coliforms (CFU/100mL) and
Total Bacteria (CFU/mL) in water samples from primary water sources on Pemba Island.
December 2012. (n=1 per site).
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Fig.4 Concentration of Enterococcus (CFU/ 250mL), Faecal Coliforms (CFU/100mL) and Total
Bacteria (CFU/mL) in water samples from primary water sources on Pemba Island. December
2012. (n=1 per site).
Secondary Water Source Data From August 2012 and December 2012

District
Chake

Sampling
Site
Madungu

Bacteria
Concentration
(CFU/mL)

Enterococcus
concentration
(CFU/250mL)
0

Faecal Coliform
Concentration
(CFU/100mL)
0

0

!

!
Micheweni

Tumbe

Micheweni

Sizini

Mkoani

#(!
32

9

0

7

0

0

Muambe

63

0

0

Wete

Kiungoni

0

0

0

Wete

Ole

2

0

0

Table 7. Concentration of Enterococcus (CFU/ 250mL), Faecal Coliforms (CFU/100mL) and
Total Bacteria (CFU/mL) in water samples from secondary water sources on Pemba Island.
August 2012. (n=1 per site).
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Fig.5 Concentration of Enterococcus (CFU/ 250mL), Faecal Coliforms (CFU/100mL) and Total
Bacteria (CFU/mL) in water samples from secondary water sources on Pemba Island. August
2012. (n=1 per site).

District

Sampling
Site

Chake

Madungu

Micheweni

Tumbe

Micheweni

Sizini

Bacteria
Concentration
(CFU/mL)

Enterococcus
concentration
(CFU/250mL)

Faecal Coliform
Concentration
(CFU/100mL)

4

37

0

1500

8

0

31

0

0
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Mkoani

Muambe

13

3

0

Wete

Kiungoni

150

10

0

Wete

Kojani

218

10

0

Wete

Ole

223

0

0

Table 8. Concentration of Enterococcus (CFU/ 250mL), Faecal Coliforms (CFU/100mL) and
Total Bacteria (CFU/mL) in water samples from secondary water sources on Pemba Island.
December 2012. (n=1 per site).
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Fig.6 Concentration of Enterococcus (CFU/ 250mL), Faecal Coliforms (CFU/100mL) and Total
Bacteria (CFU/mL) in water samples from secondary water sources on Pemba Island. December
2012. (n=1 per site).
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Fecal coliform samples, blue colony is confirmed E.coli

Typical Pump Station (primary source)

Typical Tap (secondary source)

